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A B S T R A C T

Purpose
Physical inactivity has been associated with higher mortality risk among survivors of colorectal
cancer (CRC), but the independent effects of pre- versus postdiagnosis activity are unclear, and
the association between watching television (TV) and mortality in survivors of CRC is
previously undefined.

Methods
We analyzed the associations between prediagnosis (n � 3,797) and postdiagnosis (n � 1,759)
leisure time physical activity (LTPA) and TV watching and overall and disease-specific mortality
among patients with CRC. We used Cox proportional hazards regression to estimate hazard ratios
(HRs) and 95% CIs, adjusting for known mortality risk factors.

Results
Comparing survivors of CRC reporting more than 7 hours per week (h/wk) of prediagnosis LTPA
with those reporting no LTPA, we found a 20% lower risk of all-cause mortality (HR, 0.80; 95% CI,
0.68 to 0.95; P for trend � .021). Postdiagnosis LTPA of � 7 h/wk, compared with none, was
associated with a 31% lower all-cause mortality risk (HR, 0.69; 95% CI, 0.49 to 0.98; P for trend
� .006), independent of prediagnosis activity. Compared with 0 to 2 TV hours per day (h/d) before
diagnosis, those reporting � 5 h/d of TV before diagnosis had a 22% increased all-cause mortality
risk (HR, 1.22; 95% CI, 1.06 to 1.41; P trend � .002), and more postdiagnosis TV watching was
associated with a nonsignificant 25% increase in all-cause mortality risk (HR, 1.25; 95% CI, 0.93
to 1.67; P for trend � .126).

Conclusion
LTPA was inversely associated with all-cause mortality, whereas more TV watching was
associated with increased mortality risk. For both LTPA and TV watching, postdiagnosis measures
independently explained the association with mortality. Clinicians should promote both minimizing
TV time and increasing physical activity for longevity among survivors of CRC, regardless of
previous behaviors.

J Clin Oncol 33:180-188. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is the third most com-
monly diagnosed cancer and the third leading cause
of cancer death in the United States.1 With improve-
ments in early detection and treatment, 5-year sur-
vival rates have reached 90% for localized and 69%
for regional tumors, leading to an estimated one
million colon cancer survivors in the United States.2

Despite known health benefits of achieving recom-
mended physical activity levels,3,4 many survivors of
CRC do not meet physical activity guidelines.5,6

Television (TV) viewing, the most prevalent leisure-
time sedentary behavior, has also been associated
with poorer survival in the general population.7

More than 55% of survivors of CRC report watching
� 3 hours per day (h/d) of TV,8 but whether TV
viewing is associated with mortality among survi-
vors of CRC is unknown.

Pooled estimates from a recent meta-analysis
among survivors of CRC showed inverse associa-
tions between both pre- and postdiagnosis leisure
time physical activity (LTPA) and mortality based
on seven prospective cohorts.9 Three of the studies
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included in the meta-analysis9 measured LTPA before diagnosis and
found a 23% to 28% reduced all-cause mortality risk comparing
higher to lower activity levels,10-12 whereas another study showed
no association.13 Studies of LTPA measured after CRC diagnosis
(median, 1 to 2.7 years after diagnosis) have shown a 25% to 60%
lower risk of all-cause and disease-specific deaths among more
active individuals.10,12-17

Despite this emerging evidence, there are gaps in understanding
how LTPA relates to survival, including differences in health benefits
at various points along the cancer experience.18 Previous studies have
not measured these exposures more than 3 years after diagnosis when
survivors are moving beyond treatment and recovery. Survivors of
cancer and clinicians want to know how they can enhance survival and
reduce risk of recurrence and thus whether behavioral choices (eg,
LTPA or sitting and watching TV) after the diagnosis and treatment
phases may provide benefit. Although prolonged TV watching has
been associated with higher risk of mortality in healthy adults, the only
previous study on leisure time sedentary behavior and survival in
patients with CRC reported an approximate 30% increased mortality
risk with � 6 h/d of sedentary time.10 Confirming this finding could
add a behavioral approach (reducing TV time) that would comple-
ment the message for survivors of CRC to participate regularly in
LTPA. Also, we are unaware of previous studies that have reported on
joint effects of LTPA and sedentary time on mortality risk. In the this
study, we investigated moderate- to vigorous-intensity LTPA and TV
viewing time in relation to total and cause-specific mortality among
survivors of CRC, with particular interest in distinguishing the contri-
butions of pre- and postdiagnosis measures.

METHODS

Study Population

The National Institutes of Health (NIH)–AARP Diet and Health Study
has been previously described. Briefly, the NIH-AARP cohort included
566,398 AARP members (age 50 to 71 years) who completed a mailed baseline
questionnaire in 1995 to 1996. Participants resided in one of six US states or
two metropolitan areas. In 1996 to 1997, an additional risk factor question-
naire including more questions about physical activity was mailed to partici-
pants without self-reported colon, breast, or prostate cancers at baseline
(response rate, 67%).

Patients with cancer were identified by linking cohort members to eight
original state cancer registries and three additional state registries through

December 31, 2006. Cancer registries provided information on cancer
diagnosis date, histology, stage, grade, and first course of treatment re-
ported within 1 year of diagnosis. We classified patients with invasive CRC
using histology codes from the International Classification of Diseases
(ICD) for Oncology, Third Edition (codes C180 to 189, C199, and C209).19

Incident cancer identification was estimated to be 90% complete.20 Of the
300,352 men and women considered at risk for CRC, we observed 4,685
patients with CRC.

After excluding individuals diagnosed with stage 0 (in situ; n � 339) or
metastatic disease (n � 450) and those who were diagnosed with cancer or
died before exposure assessment (n � 99), 3,797 patients (1,541 deaths)
remained in the analysis. Individuals missing TV data (n � 13) were excluded
from TV analyses, leaving 3,784 patients. In 2004 to 2005, a follow-up ques-
tionnaire was mailed to baseline participants. Of those included in the predi-
agnosis analysis, 1,759 individuals had postdiagnosis physical activity data
(412 deaths), and 1,630 individuals had postdiagnosis TV viewing data. Key
characteristics of the subcohort that had only prediagnosis information com-
pared with the subcohort that had both pre- and postdiagnosis information
are listed in the Data Supplemental. The NIH-AARP Diet and Health Study
was approved by the Special Studies Institutional Review Board of the US
National Cancer Institute.

Mortality Ascertainment

Vital status was ascertained annually by linkage to the Social Security
Administration Death Master File and the National Death Index Plus through
December 31, 2011. We used ICD-9 and ICD-10 codes to classify deaths
caused by cardiovascular disease (CVD; IDC-9 codes 390 to 398, 401 to 404,
410 to 438, 440 to 448; and ICD-10 codes I00 to I13, I20 to I51, I60 to I69, and
I70 to I78), colon cancer (ICD-9 codes 153 and 159.0, and ICD-10 codes C18
to C26.0), and rectal cancer (ICD-9 codes 154.0 and 154.1, and ICD-10 codes
C19 to C20).

Exposure Assessment

The timing of data collection and analytic follow-up time are presented
in Figure 1. The risk factor questionnaire assessed moderate- to vigorous-
intensity activities performed in the 10 years prior. LTPA examples included
tennis, golf, biking, swimming, heavy gardening, fast walking/dancing, and
aerobics/jogging. This questionnaire was not validated directly but has dem-
onstrated expected inverse associations with colon, rectal, and endometrial
cancer risk in this cohort.21,22 Participants reported LTPA hours per week
using categories of never, rarely, less than 1, 1 to 3, 4 to 7, and more than 7 h/wk.
Participants also reported hours per day spent sitting watching TV or videos in
the prior year, choosing from response categories of none, less than 1, 1 to 2, 3
to 4, 5 to 6, 7 to 8, and � 9 h/d. TV viewing was grouped as 0 to 2, 3 to 4, and
� 5 h/d for analysis.

Pre-diagnosis
exposures: 1996

Cancer
diagnosis

End of follow-up:
12/31/2011

Median 5.0 years Median 7.8 years

Total N = 3,797; all deaths = 1,541
CRC deaths = 745, CVD deaths = 244

Cancer
diagnosis

End of follow-up:
12/31/2011

Post-diagnosis
exposures: 2004

sraey 1.7 naideMsraey 2.4 naideM

Total N = 1,759; all deaths = 412
CRC deaths =128, CVD deaths = 82

Fig 1. Timeline of data collection and analytic follow-up. Dashed line indicates lag time, whereas solid line indicates the follow-up time calculated in models. Thus,
for prediagnosis analyses, follow-up started at age at colorectal cancer (CRC) diagnosis and ended at age at death or end of follow-up at December 31, 2011,
whichever occurred first. In postdiagnosis models, follow-up time started at age at postdiagnosis questionnaire and ended at age at death or censoring. CVD,
cardiovascular disease.
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The follow-up questionnaire had separate line items for walking for
exercise, jogging/running, tennis/squash/racquetball, golf, swimming laps, bi-
cycling, other aerobic exercise, and weight training/lifting. Participants esti-
mated average weekly time (none, 5 minutes, 15 minutes, 30 minutes, 1 hour,
1.5 hours, 2 to 3 hours, 4 to 6 hours, 7 to 10 hours, or � 10 hours) spent
performing each activity over the prior 12 months. A nearly identical LTPA
questionnaire has been previously validated with physical activity diaries.23,24

We summed these individual line items and categorized postdiagnosis LTPA
to reflect the less detailed categories from the prediagnosis questionnaire as
follows: 0 (referent), less than 1, 1 to less than 4, 4 to less than 7, and � 7 h/wk.
Postdiagnosis TV viewing was reported as typical hours per day in the prior
year spent sitting watching TV, videos, or DVDs using categories of none, less
than 3, 3 to 4, 5 to 6, 7 to 8, 9 to 10, 11 to 12, or�12 h/d. TV viewing hours were
assigned the midpoint of the queried categories and then categorized as 0 to 2,
more than 2 to 4, and more than 4 h/d to mimic prediagnosis categories.

Statistical Analysis

We used IVEware 2.0 (http://iveware.org) to impute values for missing
variables, using 10 iterations and five imputations. Hazard ratios (HRs) and
95% CIs were estimated using Cox proportional hazards models with age as
the underlying time metric. PROC MIANALYZE (SAS Institute, Cary, NC)
was used to combine results from the five imputed datasets. Trend tests were
performed by coding LTPA and TV categories as ordinal and treating the
variable as linear.

We examined all factors in Table 1 as potential confounders and, in
regression models, included covariates associated with the main exposures and
mortality in previous analyses. Final models included adjustment for sex,
cancer site (colon or rectum), tumor grade, tumor stage, surgery, radiation
therapy, chemotherapy, body mass index (BMI) at baseline, smoking status at
baseline, self-reported health (baseline for prediagnosis models and follow-up
questionnaire for postdiagnosis models), and TV watching or LTPA, as appro-
priate. We also created postdiagnosis models adjusted for prediagnosis expo-
sures to explore questions about independent effects of exposure timing.
Because BMI and health status may be in the causal pathway, modeled esti-
mates in tables are shown with and without adjustment for these covariates. In
addition, we created joint effects models by dichotomizing LTPA and TV into
the following four groups: low LTPA (� 1 h/wk)/high TV (� 2 h/d) (referent),
low LTPA/low TV (0 to 2 h/d), high LTPA (� 1 h/wk)/high TV, and high
LTPA/low TV.

In sensitivity analyses, we performed analyses excluding those who died
within a year of answering pre- and postdiagnosis questionnaires. To assess
reverse causation, we also excluded individuals who answered the question-
naire within a year of diagnosis. We also stratified analyses by sex; median
diagnosis age; cancer site (colon or rectum), stage, grade, and first course of
treatment; health status; smoking status; median BMI; and median lag time
between questionnaires and diagnosis. We created interaction terms for these
covariates with the exposure of interest and tested for statistical significance
using the Wald test. We tested the proportional hazards assumption by includ-
ing an interaction term between person-time and the continuous exposure of
interest in the models and assessed its significance using the Wald test. The
proportional hazards assumption was met (all P interaction � .10). Statistical
analyses were performed using SAS 9.3 (SAS Institute), and Figures 2 and 3
were produced using GraphPad Prism 6 (GraphPad Software, San Diego, CA).

RESULTS

The median time from the prediagnosis questionnaire to cancer diag-
nosis was 5.0 years, whereas the median time from diagnosis to the
follow-up questionnaire was 4.2 years (Fig 1). Among those reporting
more prediagnosis LTPA, we observed a lower BMI, less reported
diabetes, less TV viewing, more non-Hispanic white individuals, bet-
ter self-reported health, and more never-smokers (Table 1). There
were no differences in tumor stage, grade, or first course of treatment
by LTPA level. Comparing those who were only in the prediagnosis

analysis with those who were in both the pre- and postdiagnosis
analyses, we found that individuals included in both analyses were
slightly younger at diagnosis, were more educated, reported better
health status, and were more likely to be never-smokers and have
localized disease stage (Data Supplement).

Physical Activity

When we compared survivors of CRC reporting more than 7
h/wk of prediagnosis LTPA with those reporting no LTPA, we found a
20% lower all-cause mortality risk (HR, 0.80; 95% CI, 0.68 to 0.95; P
for trend � .02; Table 2). Comparing survivors of CRC reporting
more than 7 h/wk of LTPA with those reporting never/rare LTPA, we
observed inverse, but not statistically significant, protective associa-
tions for CRC mortality (HR, 0.84; 95% CI, 0.66 to 1.07; P for trend �
.28) and CVD mortality (HR, 0.78; 95% CI, 0.52 to 1.15; P for trend �
.24) after fully adjusting models for BMI and health status.

Postdiagnosis LTPA of � 7 h/wk compared with no LTPA was
associated with a 31% lower risk of all-cause mortality when adjusted
for prediagnosis LTPA (HR, 0.69; 95% CI, 0.49 to 0.98; P for trend �
.01). Comparing those reporting postdiagnosis LTPA of � 7 h/wk
with those reporting no LTPA, we found a nonsignificant 47% lower
risk of CRC mortality (HR, 0.53; 95% CI, 0.27 to 1.03; P for trend �
.04) but no association with CVD mortality (HR, 0.89; 95% CI, 0.42 to
1.86; P for trend � .38).

TV Viewing

Compared with those reporting 0 to 2 TV h/d before diagnosis,
patients reporting � 5 h/d had a 22% increased all-cause mortality risk
(HR, 1.22; 95% CI, 1.06 to 1.41; P for trend � .002; Table 3). Although
the association with CRC mortality was not statistically significant
(HR, 1.18; 95% CI, 0.82 to 1.68; P for trend � .09), � 5 h/d of TV,
compared with 0 to 2 h/d, was positively associated with CVD mortal-
ity (HR, 1.55; 95% CI, 1.07 to 2.23; P trend � .01).

Postdiagnosis TV viewing more than 4 h/d compared with 0 to 2
h/d showed a nonsignificant increased all-cause mortality risk (HR,
1.25; 95% CI, 0.93 to 1.67; P for trend � .13), whereas no association
was observed for CRC (HR, 1.45; 95% CI, 0.85 to 2.47; P for
trend � .16) or CVD mortality (HR, 0.72; 95% CI, 0.36 to 1.42; P
for trend � .38).

Joint Effects of Physical Activity and TV Watching

Compared with individuals reporting low LTPA (� 1 h/wk) and
high TV (� 2 h/d) before diagnosis, we found a suggestion of lower
all-cause mortality for those reporting low LTPA/low TV (0 to 2 h/d;
HR, 0.88; 95% CI, 0.64 to 1.01), high LTPA (� 1 h/wk)/high TV (HR,
0.90; 95% CI, 0.79 to 1.02), or high LTPA/low TV (HR, 0.82; 95% CI,
0.70 to 0.96; Fig 2A). In postdiagnosis analyses, compared with the low
LTPA/high TV group, we found a 29% lower all-cause mortality risk
among the high LTPA/low TV group (HR, 0.71; 95% CI, 0.50 to 0.99)
but no association among the low LTPA/low TV group (HR, 1.16;
95% CI, 0.80 to 1.70) or the high LTPA/high TV group (HR, 0.86; 95%
CI, 0.66 to 1.13; Fig 2B).

We also analyzed change in LTPA or TV watching from before to
after diagnosis; associations were not statistically significant (Data
Supplement). In sensitivity analyses, we observed stronger postdiag-
nosis protective effects with higher LTPA among individuals older
than the median age (68.9 years; P for interaction � .01) and among
those who filled out the questionnaire within 4.2 years of cancer
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diagnosis (P for interaction � .05), but no evidence of interaction by
sex, disease site, BMI, stage, grade, surgery, or health status (Fig 3A).
We found no evidence of interaction between TV and the examined
factors (Fig 3B). When we changed the underlying time metric to
person-years from diagnosis to death/censoring, results were sim-
ilar (data not shown). Additional sensitivity analyses excluding
those who died within a year of filling out the questionnaires did
not change our findings.

DISCUSSION

In this large, prospective cohort of patients with CRC, prediagnosis
LTPA was associated with a 20% lower all-cause mortality risk. Post-
diagnosis LTPA was associated with a 31% lower risk of all-cause
mortality, independent of LTPA before diagnosis. Watching more
than 4 hours of TV daily both before and after diagnosis was

Table 1. Baseline Characteristics of Patients With Colorectal Cancer in the NIH-AARP Diet and Health Study Population by Moderate- to Vigorous-Intensity LTPA
Reported Before Diagnosis

Characteristic

Prediagnosis LTPA (N � 3,797)

Never/Rare � 1 h/wk 1-3 h/wk 4-7 h/wk � 7 h/wk

Colorectal cancer diagnosis site
Colon, No. 479 318 719 655 609

Deaths, No. 230 122 307 258 213
Rectum, No. 140 100 275 241 261

Deaths, No. 65 46 111 96 113
Mean age at LTPA assessment, years 64.3 64.4 64.4 64.7 64.9
Mean age at cancer diagnosis, years 68.9 69.2 69.0 69.3 69.5
Sex, % women 32.0 34.0 34.1 34.4 34.0
Body mass index, kg/m2 29.2 28.2 27.4 26.8 26.4
Education, %

� High school/high school graduate 32.6 28.0 22.1 24.1 27.0
� High school/some college 31.5 33.0 39.0 33.0 35.6
College or graduate degree 33.0 35.7 37.2 40.0 35.4

Race/ethnicity, %
Non-Hispanic white 89.7 91.6 94.0 94.8 94.5
African American 5.2 3.1 3.1 1.9 1.7
Other 3.6 2.6 2.0 2.7 2.8

Self-reported diabetes, % 17.8 13.6 11.5 10.2 7.5
Self-reported health, %

Excellent/very good 33.6 41.6 49.5 59.4 61.5
Good 41.2 40.7 39.4 31.5 29.4
Fair 19.2 16.0 8.9 7.3 6.4
Poor 4.7 0.7 0.9 0.5 0.6

Smoke, %
Never 26.8 27.5 30.5 32.3 32.0
Former 52.2 55.5 55.0 56.1 56.3
Current 16.6 13.9 11.0 8.5 8.2

Hours spent watching TV daily, %
0-2 14.5 16.3 16.7 19.2 25.9
3-4 25.4 28.2 29.4 32.1 32.0
� 5 25.5 29.0 30.0 28.7 27.9

Red meat intake, MPED, oz/d 2.4 2.5 2.4 2.0 2.1
Alcohol intake, g/d 17.2 18.0 15.4 16.6 17.1
Tumor summary stage, %

Localized 33.4 30.9 28.9 31.4 33.2
Regional 32.5 29.2 32.8 30.7 29.0
Unknown 34.1 40.0 38.3 38.0 37.8

Tumor grade at diagnosis, %
Well differentiated 12.6 11.2 11.0 12.7 11.4
Moderately differentiated 55.4 59.1 61.6 57.4 59.1
Poorly differentiated 16.0 12.9 13.3 13.5 14.7
Undifferentiated 0.3 0.7 0.4 1.2 0.6
Unknown 15.7 16.0 13.8 15.2 14.3

First course of cancer treatment, %
Surgery 83.2 82.3 80.7 83.5 84.0
Chemotherapy 23.8 25.1 26.9 27.8 26.8
Radiation 6.6 8.1 8.1 8.9 10.0

Abbreviations: LTPA, leisure time physical activity; MPED, My Pyramid Equivalent Database; NIH, National Institutes of Health; TV, television.
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associated with an approximate 20% increased all-cause mortality
risk, although the postdiagnosis estimate was not statistically signifi-
cant. In joint effects analyses, the high LTPA/low TV group was at
lowest all-cause mortality risk compared with the low LTPA/high TV
group in both pre- and postdiagnosis analyses.

Our findings on prediagnosis LTPA and all-cause mortality are
similar to previously reported associations. A recent meta-analysis

calculated a pooled relative risk of 0.74 (95% CI, 0.61 to 0.89) for
exercisers versus nonexercisers.9 Of the three prospective cohorts
supporting an inverse association between prediagnosis LTPA and
mortality, protective associations ranged from 23% to 28%.10-12 In
contrast, another prospective study among women survivors of CRC
showed no association between LTPA measured 6 months before
diagnosis and survival.13 Associations in these studies for CRC

Table 3. HRs for Prediagnosis and Postdiagnosis TV Viewing and Mortality Among Individuals Diagnosed With Colorectal Cancer in the NIH-AARP Study

Mortality

Prediagnosis TV (n � 3,784) Postdiagnosis TV (n � 1,630)

0-2 h/d
HR

3-4 h/d � 5 h/d
P

(trend)
0-2 h/d

HR

� 2-4 h/d � 4 h/d
P

(trend)HR 95% CI HR 95% CI HR 95% CI HR 95% CI

All-cause deaths, No. 414 689 436 127 129 127
Model 1� 1.00 1.13 1.00 to 1.27 1.42 1.24 to 1.62 � .001 1.00 1.09 0.85 to 1.39 1.62 1.27 to 2.08 � .001
Model 2† 1.00 1.10 0.97 to 1.25 1.35 1.17 to 1.55 � .001 1.00 1.08 0.84 to 1.38 1.47 1.14 to 1.90 .004
Model 3‡ 1.00 1.07 0.95 to 1.21 1.22 1.06 to 1.41 .002 1.00 1.00 0.78 to 1.28 1.25 0.96 to 1.63 .104
Model 4§ 1.00 0.98 0.75 to 1.27 1.25 0.93 to 1.67 .126

CRC deaths, No. 221 335 188 40 37 42
Model 1� 1.00 1.04 0.88 to 1.23 1.18 0.97 to 1.44 .104 1.00 0.99 0.63 to 1.54 1.64 1.05 to 2.55 .040
Model 2† 1.00 1.05 0.88 to 1.24 1.21 0.99 to 1.49 .068 1.00 1.03 0.66 to 1.62 1.73 1.11 to 2.72 .019
Model 3‡ 1.00 1.04 0.91 to 1.19 1.18 0.82 to 1.68 .089 1.00 0.97 0.61 to 1.53 1.57 0.98 to 2.50 .079
Model 4§ 1.00 0.90 0.56 to 1.46 1.45 0.85 to 2.47 .156

CVD deaths, No. 51 112 80 25 31 19
Model 1� 1.00 1.47 1.05 to 2.04 2.12 1.49 to 3.02 � .001 1.00 1.34 0.79 to 2.27 1.27 0.70 to 2.32 .376
Model 2† 1.00 1.40 1.00 to 1.95 1.84 1.29 to 2.63 � .001 1.00 1.32 0.78 to 2.26 1.06 0.57 to 1.96 .779
Model 3‡ 1.00 1.29 0.92 to 1.80 1.55 1.07 to 2.23 .012 1.00 1.27 0.74 to 2.16 0.89 0.48 to 1.65 .775
Model 4§ 1.00 1.09 0.62 to 1.90 0.72 0.36 to 1.42 .380

Abbreviations: CRC, colorectal cancer; CVD, cardiovascular disease; HR, hazard ratio; NIH, National Institutes of Health; TV, television.
�Model 1 used age as the underlying time metric and adjusted for sex (male, female).
†Model 2 additionally adjusted for tumor site (colon, rectum), tumor grade, tumor stage (local, regional), surgery (yes, no), radiation (yes, no), chemotherapy (yes,

no), time reported in moderate to vigorous leisure time physical activity (never/rarely, � 1, 1 to 3, 4 to 7, � 7 h/wk), and smoking status (never, former, current).
‡Model 3 was adjusted for all variables in model 2 and additionally adjusted for body mass index (continuous) and self-reported health (excellent/very good, good,

fair, poor).
§Model 4 used the same adjusting variables as model 3 but was also mutually adjusted for pre- and postdiagnosis TV viewing.
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Fig 2. Joint effects of (A) prediagnosis and (B) postdiagnosis leisure time physical activity (LTPA) and television (TV) viewing and mortality among individuals
diagnosed with colorectal cancer. Low LTPA was categorized as � 1 h/wk of moderate- to vigorous-intensity physical activity, and high LTPA was categorized as
� 1 h/wk. Low TV was categorized as 0 to 2 h/d of TV watching, and high TV was categorized as � 3 h/d. Models used age as the underlying time metric and adjusted
for sex (male, female), cancer site (colon, rectum), tumor grade, tumor stage (local, regional), surgery (yes, no), radiation (yes, no), chemotherapy (yes, no), body mass
index (continuous), self-reported health (excellent/very good, good, fair, poor), and smoking status (never, former, current).
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mortality (HR range, 0.68 to 0.8610,12,13) were of similar magnitude to
our CRC mortality findings.

Our findings on postdiagnosis LTPA and all-cause and CRC
mortality confirm and extend previous findings. In the described
meta-analysis, postdiagnosis physical activity was associated with a
32% lower risk of all-cause mortality (pooled estimate, 0.68; 95% CI,
0.60 to 0.78) comparing exercisers with nonexercisers.9 The six indi-
vidual studies showed lower all-cause mortality risk estimates ranging
from 25% to 63% comparing high to low LTPA.10,12-15,17 For postdi-
agnosis LTPA and CRC-specific mortality, although only two of the
studies reached statistical significance,12,13 the pooled relative risk
was significant at 0.74 (95% CI, 0.58 to 0.95). Previous studies have
shown protective associations between LTPA and CVD mortal-
ity10; our observed lack of association between LTPA and CVD
mortality was unexpected and may be a result of small numbers of
CVD deaths.

Only one published study reported on sedentary time and mor-
tality among survivors of CRC and, comparing those sitting � 6 h/d
before diagnosis with those sitting less than 3 h/d, found a 36% (95%
CI, 1.20 to 1.68) increased all-cause mortality risk. Sitting � 6 h/d
compared with sitting less than 3 h/d after diagnosis was associated
with a 27% increased mortality risk (95% CI, 0.99 to 1.64).10 Other
studies have shown associations between TV time and weight gain8

and lower quality of life25 among survivors of CRC. Although TV
watching does not indicate total sedentary time, TV watching on
average accounts for more than half of leisure time activities among
US adults.26

Previous studies have not reported on joint effects of physical
activity and TV, although researchers in clinical trials have expressed
concerns that increasing physical activity levels will lead to increased
sedentary time in response to physical exertion. Our results suggest
that LTPA was not as protective among those who performed high
LTPA but also watched � 3 h/d of TV, suggesting that encouraging
both more exercise and less TV in this survivor population may lead to
improved longevity outcomes.

There are several putative biologic mechanisms explaining the
association between sedentary time, physical activity, and mortal-
ity. Some studies have shown higher insulin concentrations with
more sedentary time, independent of physical activity levels.27,28

Still, physical activity increases insulin sensitivity.29 Higher circu-
lating insulin and insulin-like growth factor-1 and lower insulin-
binding protein levels have been associated with CRC risk in
epidemiologic studies30-32 and with angiogenesis, tumor growth,
and antiapoptotic activity in vivo.33-35 Another study showed
higher CRC mortality among individuals with metabolic abnor-
malities related to insulin metabolism compared with those with-
out hyperinsulinemia and insulin resistance.36 An additional
proposed mechanism is that physical activity changes adipocyto-
kine levels by decreasing inflammatory adipocytokines and in-
creasing anti-inflammatory cytokines, both of which could affect
cancer incidence and mortality.9 Physical activity may also im-
prove cardiovascular health by lowering blood pressure.37 The
Physical Exercise Across the Cancer Experience framework, which
describes two distinct time periods before diagnosis and four after
diagnosis, suggests buffering of cancer treatment effects and
treatment coping as possible benefits of physical activity in the
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Fig 3. (A) All-cause mortality hazard ratios per 2.5-hour increase per week in
postdiagnosis leisure time physical activity (LTPA). (B) All-cause mortality hazard
ratios per 3.5-hour increase in postdiagnosis television (TV) viewing. Models
were stratified by median value or category. Models were adjusted for sex (male,
female), tumor site (colon, rectum), tumor grade, tumor stage (local, regional,
unknown), surgery (yes, no), radiation (yes, no), chemotherapy (yes, no), body
mass index (continuous), time reported watching TV (for panel A; 0 to 2, � 2 to
4, � 4 h/d) or time reported in physical activity (for panel B; 0, � 1, 1 to � 4, 4
to � 7, � 7 h/wk), self-reported health (excellent/very good, good, fair, poor), and
smoking status (never, former, current). Lag time was defined as the time from
cancer diagnosis to follow-up questionnaire. LTPA and TV were treated as
continuous and scaled by the median (2.5 h/wk and 3.5 h/d, respectively). BMI,
body mass index; dx, diagnosis.
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immediate treatment phase and general health promotion and
immune function later after treatment.18

Strengths of our study include the prospective design with suffi-
cient patients and extended follow-up time. Latent cancer likely did
not affect exposure assessment given that data were collected well
before diagnosis, and eliminating patients diagnosed within a year of
questionnaires indicated no change in the observed associations. Still,
because postdiagnosis analyses included only individuals who sur-
vived and were well enough to fill out the follow-up questionnaire,
results may be more generalizable to populations with similar demo-
graphic and medical characteristics. We did our best to correct for lag
time differences in analysis but acknowledge that interaction was
observed and our results may be influenced by differences in timing of
data collection and that these findings necessitate further research.
Our study was also limited by slight differences in main exposure
categories between pre- and postdiagnosis questionnaires and po-
tential exposure misclassification as a result of self-report. We also
relied on cancer registries for tumor characteristics and first re-
ported course of treatment. Finally, our study suggests associa-
tions, rather than cause and effect, because of the observational
nature of the data.

In conclusion, physical inactivity and TV viewing were asso-
ciated with higher mortality risks in our study population. Because

surveys of survivors of CRC have shown a high prevalence of
physical inactivity and TV viewing, these findings present an op-
portunity for clinicians to encourage behavioral changes to posi-
tively impact longevity.
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■ ■ ■

ASCO Resources to Help Your Patients Understand the Link Between Obesity
and Cancer

Obesity is quickly overtaking tobacco as the leading preventable cause of cancer. In response, ASCO has developed two
new resources for both patients and providers to openly discuss the impact of obesity on cancer outcomes, morbidity, and
mortality.

● Managing Your Weight After a Cancer Diagnosis: A Guide for Patients and Families provides practical
resources and methods to help patients manage their weight and questions to help guide this discussion with their health
care provider.

● Obesity and Cancer Bundle: Oncology Provider Guides and Patient Booklets includes practical tips and
implementation strategies for weight assessment and weight loss, as well as information about how to be reimbursed for
these services.
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